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Introduction
!

Sporadic duodenal polyps are rare tumors of the
gastrointestinal tract, often diagnosed incidental-
ly during an upper endoscopy [1]. Duodenal tu-
mors/polyps encompass a variety of pathologies
of which adenoma is most commonly encounter-
ed [2]. Adenomas in the duodenum follow the
adenoma-carcinoma sequence similar to colonic
adenomas [3]. Their removal is necessary owing
to their potential for malignant transformation.
Traditionally, duodenal polyps have been mana-
ged surgically; however, surgical resection of
these polyps is often associated with increased
morbidity when compared to endoscopy [4], as it
might involve extensive segmental resection or
duodenopancreatectomy.With advances in endo-
scopic techniques, endoscopic mucosal resection
(EMR) is being increasingly performed for the re-
moval of duodenal polyps. However, due to their
rare occurrence, more supportive evidence on

the safety and efficacy of EMR of duodenal polyps,
the frequency of follow-up, and management of
recurrent disease is needed.
EMR seems to be a reasonable initial approach for
sporadically occurring non-ampullary duodenal
polyps to prevent their malignant transformation.
A majority of published studies on EMR of duode-
nal polyps are retrospective and include a small
patient cohort. To our knowledge, a systematic re-
view of available evidence evaluating the efficacy
and safety of EMR has not been published. Our
main objective was to perform a systematic re-
view and meta-analysis of studies on EMR of
sporadic non-ampullary duodenal polyps to eval-
uate the safety and efficacy of the technique.
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Background and aims: Data on the safety and effi-
cacy of endoscopic resection of non-ampullary
duodenal polyps are limited. This study evaluated
the safety and efficacy of endoscopic mucosal
resection (EMR) of sporadic non-ampullary duo-
denal polyps.
Methods: Relevant studies for the meta-analysis
were identified through search of PUBMED and
EMBASE databases. Studies employing EMR for
the management of sporadic duodenal polyps in
the non-ampullary regionwere included. The pri-
mary outcomewas the surgical intervention rates
due to non-curative endoscopic resection (incom-
plete removal/recurrence necessitating surgery)
and/or management of procedural adverse
events.
Results: A total of 440 patients (485 duodenal
polyps) from 14 studies were included. The
mean size of the polyps was 13mm to 35mm.
Surgical intervention due to non-curative EMR

and adverse events was required in 2% (95% con-
fidence interval [CI] 0–4%). EMR was successful-
ly accomplished in 93% (95%CI 89–97%). The
overall bleeding rate after EMR was 16% (95%CI
10–23%), and the pooled delayed bleeding rate
was 5% (95%CI 2–7%). The overall incidence of
perforation was 1% (95%CI 1–3%). Over a medi-
an follow-up period of 6–72 months, the recur-
rence rate after EMR was 15% (95%CI 7–23%).
Six studies (pooled recurrence 20%, 95%CI 14–
27%) reported on the outcomes of managing re-
current polyps, for which endoscopic removal
was successful in 62% (95%CI 37–87%). There
was no procedure related mortality.
Conclusion: EMR appears to be a safe and effec-
tive therapeutic option for management of
sporadic non-ampullary duodenal polyps. Long-
term endoscopic surveillance is required to man-
age and treat recurrent disease.
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Methods
!

Literature search
We reviewed the PUBMED and EMBASE databases for studies
published to May 2015. Search words included “Endoscopic re-
section and duodenal tumors”, “Endoscopic resection and duo-
denal polyps”, “Non-ampullary duodenal polyps”, “Endoscopic
Mucosal Resection”, and “Endoscopic snare resection”. Two re-
viewers (VL and MH) independently reviewed the articles ac-
cording to predefined inclusion and exclusion criteria. Any differ-
ences were resolved by mutual agreement and in consultation
with the third reviewer (UN).

Selection criteria
Only studies employing EMR (with submucosal injection and/or
underwater technique) of sporadic non-ampullary duodenal
polyps were included. Studies with endoscopic submucosal dis-
section (ESD) or argon plasma coagulation (APC) alone as the ma-
jor treatment modality were excluded from our analysis. Studies
reporting the role of EMR in familial duodenal polyps were also
excluded. Similarly, studies with a significant number of adeno-
carcinomas were also excluded as they are effectively managed
by surgery rather than endoscopic methods. We included only
duodenal polyps managed by EMR. We excluded patients who
had ESD, or EMR performed through double balloon enteroscopy.
Abstracts were also included according to the eligibility criteria.
Case series with less than 10 patients were not included in the
analysis.

Quality of studies
The quality of the included studies was assessed using the New-
castle-Ottawa scale (NOS). A maximum of 9 points were awarded
on the basis of the cohort selection (<4 points), the comparability
of the cohort design and analysis (<2 points), and the adequacy of
outcome measures (<3 points);>6 points was considered to be
high quality.●" Supplementary Table1 highlights the quality of
studies based on NOS.

Data availability
Data on the success rates of EMR were available for all studies.
Surgical intervention rates for the failure of EMR/recurrences
and to manage perforation/significant post-procedural bleeding
were available for all but one study. Information on overall bleed-
ing rates and perforationwas available for all studies. Two studies
did not differentiate between intraprocedural and delayed bleed-

ing rates. Details on recurrences were not available for two stud-
ies. Data on successful endoscopic management of recurrences
were available for six studies.

Outcome measurements
The primary outcome measure was the surgical intervention
rates due to non-curative endoscopic resection (incomplete re-
moval/recurrence necessitating surgery) and surgery for mana-
ging adverse events. We adopted this outcome from a recent sys-
tematic review on colon EMR [5]. Secondary outcomes included
(a) the rate of complete endoscopic resection of the polyps, (b)
adverse events (bleeding– intraprocedural and delayed, and per-
foration), (c) long-term polyp recurrence and successful endo-
scopic management of recurrences, (d) malignant transforma-
tion, and (e) mortality. Surgical intervention rates are exclusive
of patients who directly underwent surgery before any attempt
at initial endoscopic resection.

Statistical analysis
This meta-analysis was performed by calculating pooled propor-
tions. First, the individual study proportionwas transformed into
a quantity using the Freeman – Tukey variant of the arcsine
square root transformed proportion. The pooled proportion was
calculated as the back-transform of the weighted mean of the
transformed proportions, using inverse arcsine variance weights
for the fixed effects model and DerSimonian – Laird weights for
the random effects model. Forest plots were constructed to
show the point estimates in each study in relation to the summa-
ry pooled estimate. Prediction interval was estimated. The width
of the point estimates in the Forest plots corresponded to the as-
signed weight of the study. Heterogeneity among the studies was
assessed using Cochran’s “Q” test (with tau2 and a P-value) and
the I2 statistics where values less than 25% indicated low hetero-
geneity. A random-effects model was used when the heterogene-
ity was high (I2>75%). Combined weighted proportions and
meta-regression were determined using STATA version 13 (STA-
TA Corp LP, College Station, Texas, United States). The robustness
of the meta-analysis to publication bias was assessed by funnel
plots and bias indicators, including the Harbord–Egger test. The
small study effect and its impact on publication bias was also
evaluated by cumulative meta-analysis (cumulatively adding
studies according to sample size of primary studies– from largest
to smallest sample size). The study data are arranged from the
largest to the smallest study, and meta-analyses were run in a
stepwise fashion.

Records identified through 
database searching (n = 196)

Additional records identified 
through other sources (n = 7)

Records after duplicates removed 
(n = 57)

Abstracts reviewed 
(n = 57)

Full-text articles reviewed 
(n = 24)

Studies included in quantitative 
meta-analysis (n = 14)

Excluded based on title and abstract 
review (n = 33)
– Review articles, editorials 
– Observational studies 
– Reported non-effective interventions 
 or interventions not used in clinical 
 practice

Full-text articles excluded (n = 10)
– Reviews/commentaries (n = 9)
– Follow-up of initial study (n = 1)

Fig.1 Flow chart of selected studies.
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Results
!

The initial screening using our search criteria yielded 196 studies.
From these studies, 57 articles were retrieved and reviewed.
●" Fig.1 shows the flow diagram for study selection. Finally, 14
studies fulfilling the eligibility criteria were included for our sys-
tematic review [6–19].
A total of 14 studies included 440 patients of which 48.5% were
males. There were a total of 485 duodenal polyps which were re-
moved by EMR, and adenomas accounted for the majority of
treated lesions (90%) with adenocarcinomas constituting only
1.9%. The mean size of the polyps in the 14 studies ranged from
13mm to 35mm. From the studies with available data, the ma-
jority of the polyps were sessile (92%) and located in the second
part of the duodenum (79.8%). Tubular adenomas (52%) were the
most common histological lesion followed by villous/tubulovil-
lous adenomas (48%). Among the lesions where EMR was per-
formed, 45% of the lesions were resected en bloc and 55% by pie-
cemeal technique. Adjuvant APC post-EMR was employed in 29%
of the polypectomy procedures to achieve complete resection.
From the available data, 90% of polyps could be removed comple-
tely at the initial endoscopy, and the remaining 10% required
multiple sessions (2–3) to achieve initial complete eradication.
●" Table1 details the demographic characteristics and the clinical
information on the polyps and outcomes of EMR in the various
studies.

Primary end point
A total of 12/402 (3%) patients underwent surgery after initial
EMR. Surgery was performed in 8/402 patients for non-curative
EMR, of which three had developed malignant transformation;
4/402 patients underwent surgery for management of procedure
related adverse events (3 perforations, 1 hemorrhage). The over-
all surgical intervention rates among the studies was 2% (95%CI
0–4%, I2=0) (●" Fig.2).

Secondary end points
Successful complete removal of duodenal polyps using EMR was
accomplished in 93% (95%CI 89–97%) irrespective of long-term
recurrences or the need for surgery (●" Fig.3). The pooled propor-
tion of overall bleeding was 16% (95%CI 10–23%) (●" Fig.4).
Twelve studies differentiated delayed bleeding from intraproce-
dural bleeding; delayed bleeding following EMR was 5% (95%CI
2–7%) (●" Fig.5). Endoscopic perforation occurred in 1% (95%
CI–1% to 3%) (●" Fig.6). While all intraprocedural perforations
were managed endoscopically, delayed perforations required
surgery. There was a fatal case of perforation involving a 76-
year-old man who died 2 months after surgical intervention due
to a cerebrovascular event which was not a direct consequence of
the procedure. There were no other reported mortalities directly
related to EMR.

Follow-up
The median follow-up period was 6–72 months, and the pooled
recurrence of the polyps during this follow-up was 15% (95%CI
7–23%) (●" Fig.7). Six studies (pooled recurrence 20%, 95%CI
14–27%) reported the outcomes of managing those recurrent
polyps, and successful endoscopic removal was accomplished in
62% (95%CI 37–87%) (●" Fig.8). Malignant transformation of the
adenomas was observed in three recurrent cases, and all three
were referred for surgical management. There was a significant
increase in the odds of recurrence of villous/tubulovillous adeno-
mas compared to tubular adenomas (OR 4.86, 95%CI 1.62–14.63)
(●" Fig.9).

Publication bias
We evaluated the possibility of publication bias for the surgical
intervention rates using a funnel plot and Egger’s regression
test. Both of these methods showed that small study publica-
tion bias was marginally not significant (P=0.052) if α was set
at <0.05 (●" Supplementary Fig.1). However, with a conservative
level of α<0.1, the small study publication bias was rendered as
being significant in this systematic review. To further investi-
gate the publication bias, we conducted a cumulative meta-a-

Study  ES (95 % Cl) Weight

Apel 2005 0.00 (0.00, 0.19) 4.21

Lepilliez 2008 0.03 (0.00, 0.15) 6.92

Alexander 2009 0.00 (0.00, 0.16) 5.57

Abbas 2010 0.00 (0.00, 0.06) 39.38

Kedia 2010 0.00 (0.00, 0.11) 12.93 

Kim 2010 0.00 (0.00, 0.20) 3.80

Sohn 2010 0.04 (0.00, 0.21) 3.28

Conio 2012 0.04 (0.00, 0.20) 3.79

Fanning 2012 0.10 (0.03, 0.22) 4.23

Binmoeller 2013 0.08 (0.00, 0.38) 0.99

Min 2013 0.04 (0.00, 0.22) 3.03

Navaneethan 2014 0.04 (0.00, 0.13) 9.57

Singh 2014 0.10 (0.02, 0.27) 2.28

Overall (I-squared = 0.0 %, P = 0.744) 0.02 (–0.00, 0.04) 100.00
with estimated predictive interval (–0.07, 0.10)

NOTE: Weights are from random eff ects analysis

0 .3.1 .4
Proportion

.2 .5

Fig.2 Forrest plot of studies reporting surgical
intervention rates. The pooled surgical intervention
rate was 2% (95%CI 0–4%).
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nalysis. In the cumulative meta-analysis, all of the studies were
sorted by sample size in the sequence of the largest to smallest.
We iterated the meta-analysis by adding one additional study
each time. This resulted in a series of cumulative mean esti-
mates, each based on one more effect size than the previous
mean (●" Supplementary Fig.2). The figure demonstrates that
by including six large studies, with a cumulative sample size of
261 patients, this yielded a mean surgical intervention rate of
2.4% (95%CI–0.6% to 5.3%). As smaller studies were added,
the overall surgical intervention rate drifted slightly lower to
1.9% (95%CI–0.2% to 4.0%). The point estimate and its confi-
dence levels did not shift with the addition of the remaining

four smaller studies suggesting that the publication bias was
not significant in our study.

Discussion
!

Sporadic non-ampullary duodenal polyps are being increasingly
identified with the more widespread use of upper endoscopy.
Surgery to remove these polyps carries high rates of morbidity
and mortality. From our analysis, EMR of duodenal polyps ap-
pears to be a safe and effective alternative to surgery, with a
very low need for surgical intervention (2%). The polyp recur-

Study  ES (95 % Cl) Weight

Ahamad 2002 0.85 (0.66, 0.96) 4.93

Apel 2005 0.56 (0.31, 0.78) 2.40

Lepilliez 2008 1.97 (0.85, 1.00) 9.84

Alexander 2009 1.00 (0.84, 1.00) 9.15

Kedia 2010 0.70 (0.51, 0.84) 4.22

Kim 2010 1.00 (0.80, 1.00) 7.83

Sohn 2010 0.88 (0.68, 0.97) 4.90

Abbas 2011 0.98 (0.88, 1.00) 11.14

Conio 2012 0.96 (0.80, 1.00) 7.82

Fanning 2012 0.94 (0.83, 0.99) 9.49

Binmoeller 2013 0.92 (0.62, 1.00) 3.42

Min 2013 0.87 (0.66, 0.97) 4.67

Navaneethan 2014 0.93 (0.82, 0.98) 9.26

Singh 2014 1.00 (0.88, 1.00) 10.93

Overall (I-squared = 56.9 %, P = 0.004) 0.93 (–0.89, 0.97) 100.00
with estimated predictive interval (–0.72, 1.15)

NOTE: Weights are from random eff ects analysis

0 .6.1 .8
Proportion

.4 1

Fig.3 Forrest plot of studies reporting complete
endoscopic removal rates. The pooled complete
endoscopic removal rate was 93% (95%CI 89–
97%).

Study  ES (95 % Cl) Weight

Ahmad 2002 0.33 (0.17, 0.54) 5.59

Apel 2005 0.11 (0.01, 0.35) 6.28

Lepilliez 2008 0.26 (0.14, 0.41) 7.37

Alexander 2009 0.05 (0.00, 0.24) 8.20

Abbas 2010 0.05 (0.01, 0.14) 10.46

Kedia 2010 0.15 (0.05, 0.32) 7.54 

Kim 2010 0.06 (0.00, 0.29) 7.19

Sohn 2010 0.29 (0.13, 0.51) 5.43

Conio 2012 0.12 (0.02, 0.30) 7.35

Fanning 2012 0.40 (0.26, 0.55) 7.21

Binmoeller 2013 0.25 (0.05, 0.57) 3.77

Min 2013 0.09 (0.01, 0.28) 7.51

Navaneethan 2014 0.22 (0.12, 0.36) 8.23

Singh 2014 0.10 (0.02, 0.27) 7.88

Overall (I-squared = 64.4 %, P = 0.000) 0.16 (–0.10, 0.23) 100.00

with estimated predictive interval (–0.17, 0.50)

NOTE: Weights are from random eff ects analysis

0 .3.1 .4
Proportion

.2 .5 .6 .7

Fig.4 Forrest plot of studies reporting the pro-
portion of overall bleeding. The pooled proportion
of overall bleeding was 16% (95%CI 10–23%).
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rence rate was 15%, the majority of them could be managed
endoscopically on long-term follow-up, and the rate of malignant
transformation was very low. The very low rate of surgical inter-
vention, low rate of adverse events, and no cases of mortality di-
rectly related to polypectomy further emphasize that EMR of
duodenal polyps can be undertaken safely with high efficacy.
Submucosal injection provides the necessary cushion for polyp
removal as most lesions are sessile. Underwater EMR has a sim-
ilar principle and separates the mucosa and submucosa away
from the deeper muscularis propria layer and allows EMR. EMR
is effective in achieving complete polyp removal as evidenced by
a pooled overall complete resection rate of 93%. EMR of duodenal

polyps can be challenging due to the thin wall and rich vascular-
ity of the duodenum [20]. This raises concern with regard to the
possibility of perforation and hemorrhage. An increased risk of
perforation has been observed in studies involving endoscopic
submucosal dissection of duodenal polyps [21,22]. From our
analysis, the low perforation rates reinforce the view that EMR
can be done safely for the removal of duodenal polyps, especially
with submucosal lift which can practically increase the thickness
of the duodenal wall facilitating safer removal of the polyps.
The pooled delayed bleeding rate in our meta-analysis is 5%
which appears reasonable. Most of the cases of delayed bleeding
were managed endoscopically, with only one case requiring sur-

Study  ES (95 % Cl) Weight

Apel 2005 0.11 (0.01, 0.35) 2.44

Lepilliez 2008 1.12 (0.04, 0.25) 6.04

Alexander 2009 0.05 (0.00, 0.24) 4.84

Abbas 2010 0.05 (0.01, 0.14) 15.85

Kim 2010 0.06 (0.00, 0.29) 3.33

Sohn 2010 0.00 (0.00, 0.14) 13.38

Conio 2012 0.00 (0.00, 0.13) 15.52

Fanning 2012 0.06 (0.01, 0.17) 11.61

Binmoeller 2013 0.25 (0.05, 0.57) 1.02

Min 2013 0.09 (0.04, 0.28) 3.73

Navaneethan 2014 0.04 (0.00, 0.13) 17.96

Singh 2014 0.10 (0.05, 0.27) 4.29

Overall (I-squared = 0.0 %, P = 0.572) 0.05 (–0.02, 0.07) 100.00

with estimated predictive interval (–0.07, 0.16)

NOTE: Weights are from random eff ects analysis

0 .3.1 .4
Proportion

.2 .5 .6 .7

Fig.5 Forrest plot of studies reporting the
proportion of delayed bleeding following EMR. The
pooled proportion of delayed bleeding following
EMR was 5% (95%CI 2–7%).

Study  ES (95 % Cl) Weight

Ahamad 2002 0.00 (0.00, 0.13) 6.76

Apel 2005 0.00 (0.00, 0.17) 3.89

Lepilliez 2008 0.02 (0.00, 0.12) 7.37

Alexander 2009 0.00 (0.00, 0.16) 4.25

Kedia 2010 0.00 (0.00, 0.11) 9.86

Kim 2010 0.00 (0.00, 0.20) 2.90

Sohn 2010 0.08 (0.01, 0.27) 1.64

Abbas 2011 0.00 (0.00, 0.06) 30.02

Conio 2012 0.00 (0.00, 0.13) 6.30

Fanning 2012 0.04 (0.00, 0.14) 6.31

Binmoeller 2013 0.00 (0.00, 0.26) 1.57

Min 2013 0.04 (0.00, 0.22) 2.31

Navaneethan 2014 0.02 (0.00, 0.10) 11.38

Singh 2014 0.10 (0.05, 0.14) 5.43

Overall (I-squared = 0.0 %, P = 0.994) 0.01 (–0.01, 0.03) 100.00

with estimated predictive interval  (–0.07, 0.08)

NOTE: Weights are from random eff ects analysis

0 .3.1
Proportion

.2

Fig.6 Forrest plot of studies reporting the
proportion of perforation. The pooled rate of endo-
scopic perforation was 1% (95%CI–1% to 3%).

Navaneethan Udayakumar et al. Duodenal polyps and endoscopy… Endoscopy International Open 2016; 04: E699–E708

Original articleE704
THIEME

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Study  ES (95 % Cl) Weight

Apel 2005 0.25 (0.09, 0.49) 6.97

Lepilliez 2008 0.00 (0.00, 0.10) 11.85

Alexander 2009 0.24 (0.08, 0.47) 7.20

Abbas 2010 0.38 (0.24, 0.53) 8.73

Kim 2010 0.00 (0.00, 0.20) 10.49

Sohn 2010 0.08 (0.01, 0.27) 9.38

Conio 2012 0.12 (0.02, 0.30) 9.08

Fanning 2012 0.18 (0.08, 0.33) 9.64

Min 2013 0.04 (0.00, 0.22) 10.10

Navaneethan 2014 0.30 (0.18, 0.44) 9.44

Singh 2014 0.21 (0.09, 0.46) 7.12

Overall (I-squared = 79.8 %, P = 0.000) 0.15 (–0.07, 0.23) 100.00

with estimated predictive interval  (–0.31, 0.61)

NOTE: Weights are from random eff ects analysis

0 .3 .4 .5 .6 .7.1
Proportion

.2

Fig.7 Forrest plot of studies reporting the pooled
recurrence of the polyps following EMR. The pooled
recurrence rate was 15% (95%CI 7–23%).

Study  ES (95 % Cl) Weight

Apel 2005 0.40 (0.05, 0.85) 15.08

Alexander 2009 1.00 (0.48, 1.00) 19.53

Sohn 2010 0.50 (0.01, 0.88) 12.66

Conio 2012 0.33 (0.01, 0.91) 13.69

Fanning 2012 0.38 (0.09, 0.76) 17.11

Navaneethan 2014 0.88 (0.62, 0.98) 21.94

Overall (I-squared = 71.1 %, P = 0.004) 0.62 (0.37, 0.87) 100.00

with estimated predictive interval  (–0.95, 1.19)

NOTE: Weights are from random eff ects analysis

0 1
Proportion
.2.4.6 .8

Fig.8 Forrest plot of studies reporting the endo-
scopic treatment of recurrent polyps. Successful
endoscopic removal was accomplished in 62% (95%
CI 37–87%).

Study  ES (95 % Cl) Weight

Apel 2005 1.14 (0.04, 32.36) 10.83      

Sohn 2010 15.91 (0.66, 384.07) 11.97

Conio 2012 4.76 (0.22, 104.47) 12.72

Navaneethan 2014 5.00 (1.27, 19.72) 64.48

Overall (I-squared = 0.0 %, P = 0.739) 4.86 (1.62, 14.63) 100.00

with estimated predictive interval  (–0.43, 54.59)

NOTE: Weights are from random eff ects analysis

0 10
OR

.01 .1 80

Fig.9 Forrest plot of studies reporting the recur-
rence rate of tubular adenomas vs. villous/tubulo-
villous adenomas. There was an increase in the odds
of recurrence of villous/tubulovillous adenomas
compared to tubular adenomas (OR 4.86, 95%CI
1.62–14.63).
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gical intervention. A delayed bleeding rate of 25% was observed
in one study in which the reported median size of the polyps
was 35mm [12]. In the same study, intraprocedural bleeding oc-
curred significantly more frequently in polyps that were larger
than 30mm compared to smaller lesions (57.8% vs. 19.3%, P=
0.005). In another study, no delayed bleeding was observed
when clipping or APC was performed compared with increased
bleeding episodes in 22% of the procedures where these meas-
ures were not undertaken [15]. Although ablation techniques
and endoscopic clips can possibly reduce delayed bleeding, these
factors could not be analyzed due to the lack of sufficient compar-
able data. Low rates of perforation (comparable to that of colonic
polypectomy) and delayed bleeding rates coupled with less need
for surgery due to adverse events justify the safety of the EMR
technique [23].
The pooled recurrence rate of polyps after initial EMR was 15%,
and many of the recurrent polyps (data on removing recurrent
polyps were provided in six studies) could be treated successfully
by endoscopic techniques or the use of APC. Recurrences were
more common with villous lesions [17], that are associated with
increased rates of recurrence and malignant transformations,
and in most cases require surgery [3,24]. When this association
was analyzed in the studies where sufficient data were available,
we found significantly increased odds of recurrence for villous/
tubulovillous adenomas. Villous/tubulovillous adenomas merit
continued and careful surveillance even after complete resection.
There was a lack of sufficient data on the management technique
of recurrent polyps, but most studies deployed a combination of
snare/APC for themanagement of recurrences. Among the factors
analyzed for the recurrence of the polyps, only the villous nature
of the polyps was associated with increased recurrence. The risk
of recurrence did not differ based on the initial type of polypecto-
my–en bloc or piecemeal. Additional thermal methods after
snare polypectomy, especially in villous adenomas, were suggest-
ed by Apel et al. [9] that could decrease the rate of polyp recur-
rences. In the study by Kedia et al. [13], complete eradication
was more likely if the polyps involved less than 50% of the muco-
sal surface. The factors that could impact the risk of recurrence
including size of the polyps/circumference of the lesion, percen-
tage of polyp removal by piecemeal technique/adjuvant APC/
thermal ablation are beyond the scope of this meta-analysis, and
need to be determined in future large prospective studies.
The timing and frequencies of surveillance endoscopies differed
among the studies. Though it is difficult to formulate evidence-
based guidelines for follow-up, the ideal recommendation would
be 3 months from the initial EMR to identify and treat any resi-
dual lesions and/or early recurrence irrespective of the histology
or size of the lesion. Tubular adenomas can then be followed
yearly for the first 2 years and then once every 2–3 years which
appears reasonable. Polyps with tubulovillous/villous histology
may require a more frequent follow-up since the propensity for
increased recurrence and hence surveillance in these patients
need to be individualized.
Our study has limitations. Though there was no heterogeneity in
the primary end point of our analysis, there was a considerable
heterogeneity in the recurrence of polyps. All of the studies in-
cluded were retrospective analyses involving a small patient co-
hort. The procedural techniques were not standardized and the
application of endoscopic clips or ablation methods after poly-
pectomy varied amongst the studies. The eventual need for sur-
gery implies failure of the EMR technique, and hence was consid-
ered to be the primary outcome measure of our study. It also re-

flects the safety of the procedure providing information on ser-
ious adverse events that is more meaningful than the overall ad-
verse events for determining procedural safety. However, evalu-
ating endoscopic recurrence rate as the primary outcome meas-
ure has its demerits. Universal histological confirmation of ab-
sence of recurrence was not performed in the included studies,
and hence it may not be a true measure of recurrence. Also the
definition of recurrencewas not unanimous in all studies, and re-
sidual lesions could have been included as recurrences asmany of
the surveillance endoscopies did not start from the first negative
follow-up endoscopy. Therefore, as a measure of both the proce-
dural efficacy and safety, surgical intervention rate appears to be
a better primary outcomemeasure than evaluation of endoscopic
recurrence. Finally, none of the studies compared the procedural
costs or outcomes with surgery.
Given the high rate of complete endoscopic resection, less need
for salvage surgery, low rates of procedure-related adverse
events, and the ability to treat the majority of recurrences effec-
tively, EMR must be considered to be an effective alternative to
surgery. Long-term follow-up appears critical, particularly for
villous and tubulovillous polyps.
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Supplementary Fig.1 Funnel plot of data included in this meta-analysis
(against their standard errors).

Study  ES (95 % Cl) 

Abbas 2010    0.000 (–0.030, 0.030)      

+ Navaneethan 2014 0.008 (–0.022, 0.039) 

+ Fanning 2012 0.032 (–0.019, 0.083) 

+ Lepilliez 2008 0.026 (–0.010, 0.063)

+ Kedia 2010 0.017 (–0.010, 0.045)

+ Singh 2014 0.024 (–0.006, 0.053)

+ Conio 2012 0.022 (–0.004, 0.048)

+ Sohn 2010 0.020 (–0.002, 0.042)

+ Min 2013 0.019 (–0.002, 0.040)

+ Alexander 2009 0.018 (–0.002, 0.038)

+ Apel 2005 0.017 (–0.002, 0.037)

+ Kim 2010 0.016 (–0.003, 0.035)

+ Binmoeller 2013 0.017 (–0.002, 0.036)

0 .02 .04 .06 .08 1
Proportion

Supplementary Fig.2 Results of a cumulative
meta-analysis of surgical intervention data in which
studies are sorted by size (largest to smallest). The
first row was a meta-analysis based on the largest
study (Abbas et al., N=59 patients). The second row
was a meta-analysis based on the first two studies
(Abbas et al., N=59 patients and Navaneethan et
al., N=54 patients), and so on. The figure demon-
strates that by including the six large studies, with a
cumulative sample size of 261 patients, this yielded
a mean for surgical intervention rate of 2.4% (95%
CI–0.6% to 5.3%). As smaller studies were added,
the overall surgical intervention rate drifted slightly
lower to 1.9% (95%CI–0.2% to 4.0%). The point
estimate and its confidence levels did not shift with
the addition of the remaining four smaller studies
suggesting that the publication bias was not signif-
icant in our study.
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